Mobile money, a technology-driven innovation in financial services, has profoundly penetrated the financial landscape in Sub-Saharan Africa, including banks. Yet, besides anecdotal evidence, little is known about whether mobile money adoption enhances or worsens bank performance.
Introduction
In most developing countries, formal financial institutions have been failing large swaths of society and nowhere is this truer than in Sub-Saharan Africa where only about a third has access to formal financial services according to the latest estimates from the World Bank (World Bank Group, 2018) . At the same time, however, technology-driven innovation in financial services─ henceforth fintech 1 ─ is increasingly reshaping the African financial and banking landscape as never before (Sy et al., 2019) . There is a large consensus that fintech is benefiting financially excluded people and underserved consumers around the globe and that this trend may continue over the next decade in all key financial respects such as savings, credits and investments (Jagtiani and John, 2018; IMF, 2018) .
Although "Africa" and "innovation" are rarely associated, the leading position worldwide of the African continent in mobile money is starting to challenge this long-held perception. Sub-Saharan Africa played a pivotal role in mobile money emergence and development as shown in Van Der Boor et al. (2014) . The authors challenge the widely-held view that the "North" is the unique source of new technology. They offer the first quantitative empirical study of the sources of innovation in mobile financial services and show that user-innovators in this field come from less-developed countries with a long-standing unfilled need of inexpensive banking services for the poor. Over the last decade, mobile money has grown rapidly following the tremendous penetration of mobile phones; for instance, the number of users has risen from 38% in 2009 to 72% in 2017 in Sub-Saharan Africa (The World Bank, 2019) . This unprecedented usage of mobile phones creates an opportunity for the massive population who own a mobile phone but no bank account to be connected to the financial system 2 . Consistent with the very notion that at the core of fintech is the use of technology to provide new and improved financial services (Thakor, 2019) , mobile money technology allows users to access financial services such as money transfers, payments, savings, insurance and digital credit. These financial operations are conducted through 1 It is worth noting that throughout the paper, the terminology fintech is used alternatively for financial technology (mobile money in our case) or its provider when we refer to bank-fintech cooperation. The Financial Stability Board adopted a rather broad definition due to the rapidity and fluidity of fintech developments by pointing to "technologically-enabled financial innovation that could result in new business models, applications, processes, or products with an associated material effect on financial markets and institutions and the provision of financial services" (FSB, 2017, p.7) . 2 Cook and McKay (2017) contend that a large portion of mobile money users in Kenya is made up of those who had been unbanked. Furthermore, following the launch of M-Pesa, Safaricom's mobile money service, financial inclusion increased from 27 percent in 2006 to over 75 percent in 2016. mobile networks where cash-in cash-out services are provided by small business outlets better known as agents. The mobile money account can therefore be accessed without having an account at a financial institution but mobile money users who already possess a bank account have the possibility to connect both accounts.
While there are challenges for financial institutions to compete with fintech firms, there are also opportunities for collaborations. Indeed, banks are increasingly forging partnerships with Mobile Network Operators (MNO hereafter) and taking part into this disruptive innovation of mobile money. Advancements in new technologies allow financial institutions to serve businesses and consumers without costly brick and mortar investments. A recent but growing literature is starting to look at cooperation between banks and fintech firms and its potential effect on credit access (Drasch et al., 2018; Jagtiani and Lemieux, 2018) . However, it is worth noting that measuring innovation in the financial sector is more challenging because of the lack of data which hampers assessing its impacts (Beck et al., 2016) . Moreover, to the best of our knowledge, the existent works explore the case of developed countries and are most of the time U.S.-centric, owing to the fact that financial innovations often originate in the U.S., and that studies of such innovations usually rely on U.S. data (Frame et al., 2018; Frame and White, 2004) .
Our paper aims to bridge this gap. It investigates how banks' involvement in mobile money innovation affects their performance in the five partner states (Burundi, Kenya, Rwanda, Tanzania and Uganda) of the East African Community (EAC). Two main reasons guide us to choose this region as our case study. First, although Sub-Saharan Africa taken as a whole continues to position itself as the global epicentre of mobile money, there is a wide degree of cross-country difference and the EAC is clearly at the forefront of mobile money innovation, adoption and usage as shown in Figure A1 in the Appendix (Minischetti and Scharwatt, 2016) . The speed and scale of mobile money adoption in the EAC 3 has been unprecedented and its impacts considerable Suri, 2016, 2014; Mas and Ng'weno, 2010a; Mbiti and Weil, 2016) . Hence, the dominant position of the banking sector in the financial system and the widespread adoption of mobile money motivate us to focus on the EAC in assessing the impact of mobile money adoption on bank performance. Second, cross-border interoperability in mobile money is widespread in the region probably driven by the deep integration 4 that facilitates remittances, trade and social exchange (BFA, 2017) .
This study extends the existent literature on the risks and opportunities associated with bank-fintech cooperation and makes several contributions. First, most empirical studies tackling mobile money adoption focus mainly on its impact on various socio-economic aspects (e.g.: Bharadwaj et al., 2019; Jack and Suri, 2014; Munyegera and Matsumoto, 2016) . To our knowledge, this paper is the first to conduct analysis of banks' mobile money adoption by examining how forging partnerships with MNOs affects bank performance. Specifically, we test whether the implication of banks in the mobile money scheme affects their profitability, efficiency and stability using a wide range of proxies traditionally considered in the banking literature. Second, our paper also adds to the literature investigating the impacts of financial technology on bank performance.
Following Fuentelsaz et al. (2009) and Scott et al. (2017) , we compare the performance of adopters and non-adopters. In addition, we take into account the time elapsed from the moment of adoption.
Furthermore, Scott et al. (2017) point out the lack of evidence on the effects of innovation on smaller financial institutions. Hence, we test whether bank size and specialization alter the relationship between bank involvement in mobile money and bank performance. Finally, we complement the literature that explores the determinants of bank profitability, efficiency and stability in the East African Community.
The rest of the paper is organized as follows. Section 2 presents the related literature and our research questions, and in section 3 we provide the methodology, including our model specification, variables and data. We report and discuss the results in section 4, assess their robustness in section 5 and discuss the potential mechanisms in section 6. In section 7 we conclude.
Related literature and research questions
Bank-fintech cooperation may entail several benefits. For banks, such a partnership may yield sizable advantages in terms of development of new customer segments, products, and services. It may also result in expanding into new markets, developing new capabilities, and accessing new technologies that generate new revenue streams and improve efficiencies. This is important because banks are often associated with a lack of innovation either because of their stable market position or because they are subject to complex and heavy government regulations (Anagnostopoulos, 2018) . In return, fintechs may mainly benefit from bank reputation but also from new sources of finance and infrastructures (Drasch et al., 2018; The Economist Unit Intelligence, 2015) . Digital innovations, such as mobile money, that promote financial inclusion gives a new impetus to the banking sector to improve its relationship with customers and increase performance. As such, digitization provides opportunities for banks to enhance their customerinteractions, improve their decision-making, and implement new business models in a more costeffective and innovative way (BCBS, 2018; Hirt and Willmott, 2014) . In addition, fintechs are thought to be quicker and more agile than traditional banks. Hence, they are supposed to enable banks to engage in further cost-cutting strategies since bank services remain expensive 5 (Drasch et al., 2018; Philippon, 2018) . While these benefits are general in nature and apply across the globe, they are expected to be greater in the less developed part of the world where access to formal finance is still a challenge (Jagtiani and John, 2018) .
As regards to the case of EAC, although mobile network operators are the most active actors, banks play a crucial role in mobile money provision. Specifically, to launch mobile money services, mobile network operators have to build partnership with banks or other financial institutions with a banking license (Aron, 2017; UNCTAD, 2012) . In this case, banks play the role of custodians for mobile money users by holding a "trust" account or "escrow" account deposits that match the full extent of electronic money in the name of mobile network operators (Aron, 2017; Greenacre and Buckley, 2014) . Banks can use these additional funds to increase their lending and this is not different from the way banks use ordinary deposits. Thus, bank involvement in the mobile money scheme includes simply holding a trust/escrow account (passive), building partnership to launch mobile money services (active), or both. To exploit other potential benefits associated with mobile money, some banks for instance build partnership with MNOs to increase the number of bank ATM users for cash out functions. These interest and fee-generating activities constitute new sources of income that may potentially enhance bank profitability. In addition, several MNOs have recognisable brands that have been developed through extensive marketing and service provision; therefore, banks can leverage mobile money platforms to reach more people 6 in traditionally underserved areas at much lower cost. Furthermore, MNOs in EAC developed extensive agent networks to sell airtime and other products while bank presence is often limited to urban or highly populated areas (UNCTAD, 2012) . MNOs' extensive network may hence enhance bank efficiency.
In terms of bank stability, the literature purports that financial technology can potentially strengthen financial stability by fostering financial inclusion, increasing diversification and transparency 6 as well as allowing better risk assessment (Sy et al., 2019) . According to Ahamed and Mallick (2019) , financial inclusion improves finacial stability by accessing cheap retail deposits from a large clientele base, reducing financing constraints of SMEs and mitigating the post-lending moral hazard. They also find that higher bank branch outreach and a financial system with higher access to bank accounts per capita are likely to increase bank stability. Nevertheless, allowing non-financial institutions (MNOs) to provide financial services may increase risk shifting from telecom sector to the banking system 7 . In this context, we assume that the effects of bank involvement in mobile money scheme on their performance may depend on the net outcome of these potential benefits and drawbacks.
In addition to comparing adopters to non-adopters to investigate the effect of mobile money adoption on bank profitability, efficiency or stability, we also take into account the time elapsed since adoption as emphasized by (Fuentelsaz et al., 2009) . In fact, the initial adoption of mobile money may only indicate the point in time after which a bank is experimenting with it, but not the current moment in which mobile money is growing and its impacts on bank performance start to materialise. As such, research on financial technology adoption shows that an innovation evolves dynamically within the firm, following a diffusion process that starts with the adoption of the technology and requires time to be completed (Fuentelsaz et al., 2003) . Thus, some delay in the achievement of the predicted performance gains should be expected because benefits stemming from a new technology are rarely fully achieved at the moment of adoption. Therefore, we hypothesize that longer 8 bank-MNO partnership translates to better bank performance. 6 Less face-to-face contact with bank officials reduces corruption and promotes efficient resource allocation. 7 Kirilenko and Lo (2013) sums up such potential vulnerabilities as follows: "whatever can go wrong will go wrong faster and bigger when computers are involved". 8 Note that mobile money is a relatively recent innovation of about a decade. Our sample period only covers 7 years; it runs from 2009 (such that for each country we have at least a financial institution in partnership with an MNO) to 2015.
The literature also highlights other factors that equally matter when investigating the potential impact of financial technology adoption on firm performance, such as features of the technology, competition and differences in the characteristics of involved firms (Karshenas and Stoneman, 1993) . For the purpose of our study and based on the structure and availability of our data, we take into consideration bank specialization and bank size (Scott et al., 2017) . The failure of M-Kesho (launched in March 2010) vs. the spectacular success of its successor M-Shwari (launched in November 2012) is one of many anecdotal evidences that illustrate how decisive the sizes of the bank and MNOs involved in a partnership might be. In fact, M-Kesho and M-Shwari are digital credit products similar in every aspect except that Safaricom partnered with the largest bank in Kenya (Equity bank) to launch the former while for the later, the partner, CBA bank, was a small largely-unknown bank to the average Kenyan prior the partnership. A frequently cited reason behind the failure of M-Kesho mobile money service is that Equity bank and Safaricom perceived each other as main competitors and failed to define the partnership in a way that satisfied both companies. This phenomenon where a partnership between similarly sized organizations proved difficult, while a partnership between small and large entities succeeded is not rare and has propelled some to ask whether cooperation between equals in this area was even desirable (Cook and McKay, 2017; Flaming et al., 2013) .
To sum it up, the foregoing discussion lead to the following research questions that our paper aims to address: i. Does Bank-MNO partnership in mobile money provision affect bank profitability, efficiency and stability? We distinguish partnership as a point in time from the number of years of partnership since inception.
ii. Do these effects, if any, depend on the size and/or the specialization of the banks?
Data, methodology and variables

3.1.Data sources
We collect data on a sample of financial institutions in the EAC for the period 2009 to 2015 from a number of sources. The data on financial institutions' balance sheets, income statement are from the Bureau Van Djik (BvD) Bankscope database. We first collect the data of all financial institutions available in the database irrespective of whether they are listed or not and then we 8 eliminate financial institutions with consolidated financial statement unless the unconsolidated data have no information. We also remove financial institutions with missing data for all the variables. Therefore, we obtain an unbalanced panel dataset comprising a final sample of 170 financial institutions operating in the five countries of the EAC, among which 153 are bank institutions split as follows: 8 are in Burundi, 66 in Kenya, 9 in Rwanda, 39 in Tanzania and 31 in Uganda. Data regarding financial institutions' involvement in mobile money are not readily available. We hence hand collected them by screening their websites and exploiting the GSMA tracker to identify financial institutions included in our sample that are involved in mobile money scheme.
Afterwards, we track for each the number of years of its partnership with an MNO in the provision of mobile money (see Table A .6B in Appendix). Additional data on macroeconomic factors that may influence the financial institutions' performance are collected from the Global Financial development and World Development Indicators database of the World Bank. Finally, we collect data on the number of registered mobile money users and the value of mobile money transactions from the Financial Access Survey database of the International Monetary Fund.
3.2.Model specification
To address our research questions, we conduct estimations using the panel data fixed effects regression approach with two types of specifications. The first specification (equation 1) estimates the effects of mobile money on bank performance, while the second specification (equation 2) includes interaction terms to take into account bank size (small versus large).
In our equations (1 and 2), represents the performance of bank i at year t. is our independent variable of interest and stands alternatively for the status of bank i's implication in the mobile money system at time t and the time elapsed since its mobile money adoption. denotes the vector of control variables including bank-specific and macroeconomic variables. is our set of bank fixed effects, and we include time dummies, , to control for macroeconomic shocks. In equation (2), is a dummy variable indicating bank size. It is equal to one if the bank is 9 small and zero, otherwise. The coefficient measures the effect of mobile money adoption for large banks while ( + ) represents the total effect of mobile money for small banks.
In the robustness section, we tackle the concern that our main variable of interest, MM, may possibly be endogenous. The issue of simultaneity bias may arise from the fact that well performing banks may be more likely to build partnerships with mobile network operators to get involved in mobile money innovation. However, banks that perform poorly may equally view partnerships with an MNO as a way to improve their performance. This potential endogeneity issue cannot be completely dealt with in this case because devising good instruments is a daunting task as emphasized by Scott et al. (2017) . Nevertheless, we check the robustness of our results. We follow previous literature (Demirgüç-Kunt and Huizinga, 2010; Fuentelsaz et al., 2012 Fuentelsaz et al., , 2009 Liang et al., 2013 ) and re-estimate our equations (1) and (2) by using the lagged value of MM, MMi,t-1. In addition, we also use two country-level indicators of mobile money adoption as alternatives.
3.3.Dependent variables: measures of bank performance
Bank profitability, efficiency and stability are the most commonly considered dimensions in the empirical banking literature to measure bank performance 9 (Ahamed and Mallick, 2019; Beccalli, 2007; Berger et al., 2010; Meslier et al., 2014; Saghi-Zedek, 2016; Scott et al., 2017) . To evaluate bank profitability, we use two main variables (supplemented with two alternative variables in the robustness checks, see section 5): the return on assets (ROA) and the return on equity (ROE).
ROA captures how effectively a bank utilizes its assets to generate income and is defined as net income divided by total assets while ROE, which is equal to net income divided by total equity, measures how well the bank manages resources invested by its shareholders. As regards to bank efficiency, we use the ratio COST/INCOME. Two alternative proxies are considered in the robustness check, namely the ratios of Non-interest expenses to average asset (NIEAA) and Nonoperating items and taxes to average assets (NOITAA). Finally, bank stability is measured by the z-score that we calculate as follows:
Where is equity to assets ratio, and ( ) is the standard deviation of return on assets. This score can be interpreted as the number of standard deviations below the mean by which return would have to drop before all equity in the bank gets depleted. The higher the ratios are, the better is bank performance for all our proxies except those related to bank efficiency, where lower values indicate higher efficiency.
3.4.Explanatory variables: bank involvement in mobile money
The main variable of interest in this study is bank involvement in mobile money, which may be passive (i.e. simply holds MNO's deposits in a trust account), active (mobile money services' provision in partnership with an MNO), or both. As indicated earlier, the involvement is assessed both as the bank's status of involvement at a point in time and as the number of years of Bank-MNO partnership since inception. For the former, we construct a dummy variable, which is equal to one if the bank has an existing partnership with a mobile network operator at time t, and zero, otherwise. For the latter, the time elapsed since a bank-MNO partnership came into existence is a categorical variable that takes the values from zero to nine whereby zero indicates that the bank has never been involved in mobile money and nine corresponds to nine years of bank involvement in mobile money. This measure allows us to capture the potential benefits that banks may accumulate over time through their partnership with the mobile network operator in launching mobile money and/or providing mobile money financial services. Number of years elapsed since Bank-MNO partnership started providing mobile money services. It is a categorical variable that takes the values from 0 to 9, whereby 0 indicates that the bank has never been involved in Bank-MNO partnership and 9 corresponds to 9 years of bank involvement in Bank-MNO partnership. 
Control variables: bank and country level variables
Based on the existing literature (Berger et al., 2010; Köster and Pelster, 2017; Meslier et al., 2014; Mostak Ahamed, 2017; Shaban and James, 2014) , we use a number of banks'
characteristics and macroeconomic factors that may affect bank performance. We use the logarithm of total assets (SIZE) to control for size-induced performance differences in banks. We use the ratio of loan loss provision to total asset (LLP) to control for loan quality of individual bank. The LLP ratio can affect banks' performance as banks can use loan provisions to smooth their earnings.
We control for a bank's asset composition by using the ratio of total loans to total assets (TL_TA).
We include annual growth rate of total assets (ASSET Growth) to take into account how business growth can affect bank performance while the effect of diversification is controlled by using the share of non-interest income to total operation income (NII). Finally, we take into account the effect on bank performance that may stem from the off-balance sheet activities (OBS). Macroeconomic characteristics are controlled for by using gross domestic product growth (GDP Growth) and inflation rates (INFL).
Empirical results
Table 2, Panel A, reports our regression results of the effect of mobile money adoption on bank performance using our first specification (equation (1)) and considering the whole sample of banks. The results, which indicate a solid positive link between banks' involvement in the mobile money scheme and their performance, provide the first empirical evidence of the bright side of mobile money adoption at the bank level. However, our findings also reveal that what really matters is not the involvement per se but rather the time elapsed since the partnership came into existence.
Precisely, we find that the coefficients associated with the variable involvement of banks in mobile money, MM, are not significant (columns (1) -(3)) or significant at only 10% (column (4) when proxied by the dummy variable whereas they are strongly significant in the case of the categorical variable (columns (5) - (8)). These findings are consistent with those of Fuentelsaz et al. (2003) which show that there is a delay before the achievement of the expected performance gains stemming from the adoption of automated teller machines (ATM) in the case of Spanish savings banks. Similarly, they are in line with those of Scott et al. (2017) who emphasize that the effects of SWIFT adoption on bank profitability are much stronger in the long-run. Our results also echo empirical findings in the banking literature highlighting the positive effects of financial inclusion 13 and/or bank diversification on performance (Ahamed and Mallick, 2019; Han and Melecky, 2014) .
In our case, the involvement in mobile money scheme may enable banks to cater to new segments of customers and thus diversify further their income streams by engaging in activities less correlated with their core ones. In a similar vein, banks' partnership with mobile network operators may plausibly result in new cost-effective and innovative ways such as allowing customers to perform their banking transactions without visiting banks' agencies.
14 , Cost to income ratio (COST/INCOME), and the sum of return on assets and equity ratio divided by the standard deviation of return on assets (Z-SCORE). MM, involvement in mobile money, stands alternatively for Bank-MNO partnership that equals 1 if yes, 0 otherwise, and the number of years of Bank-MNO partnership since inception. Robust standard errors are in brackets Controls included: SIZE is the logarithm of total asset; LLP is the ratio of loan loss provision over total assets; TL_TA is the ratio of total loans to total assets; ASSETS Growth is the growth rate of total assets; NII is the share of non-interest income over total operating income; OBS is the ratio of off-balance sheet over total assets; GDP Growth is the annual growth rate of gross domestic product; INFL is the annual growth rate of consumer price index. ***Significant at the 1% level, **Significant at the 5% level, *Significant at the 10% level.
As regards our control variables, the results are consistent with existing literature. The bank-level control variables SIZE and LLP indicate that an increase in bank size leads to an improvement in profitability, efficiency and stability while loan loss provision is negatively linked to bank performance. Turning to our country-level controls, both are highly significant and, as might be expected, a higher GDP growth rate is associated with a better bank performance. We also find that the inflation rate and bank performance are positively related.
To take bank specialization into consideration, we restrict our sample to commercial banks to check whether and how our earlier findings might be altered. This is important because the banking sector in EAC is dominated by commercial banks that play a critical role in the transmission mechanism of the monetary policy. Panel B of Table 2 discloses the results. Overall, the estimates show similar results but the positive association between bank involvement in mobile money scheme and bank profitability is less pronounced in this case. More precisely, we notice a drop in significance in column 5 when bank profitability is proxied by ROA and a loss of significance in column 6 when the ROE is considered. A plausible explanation for these results on commercial banks is provided by (Fuentelsaz et al., 2009) . They argue that a new technology may have a stronger impact on firms' efficiency compared to profitability because as the technology is diffused to other firms, the adoption of the technology may simply lead to an increased competition resulting in negligible variations in profitability.
Finally, we check whether bank size (SMALL) affects the positive relationship uncovered between mobile money adoption and bank performance. Therefore, we split our sample into small and large banks based on the median of total assets of the banking sector per country. The computation of this median is constrained by the availability of data for each bank in each country.
Two main conclusions emerge from the results reported in Panels A and B of Table 3 . Considering large banks, we find that the results perfectly mimic those shown in Table 2 : the longer the partnership is with an MNO, the better bank performance is. Regarding small banks, the results show that being involved in mobile money is strongly associated with both their profitability and efficiency irrespective of their degree of involvement in a partnership with an MNO. Precisely, the coefficients of both the dummy variable (columns (1)-(3) and the categorical variable (columns (5)-(7)) are significant at 1% level. These results are consistent with those of Dos Santos and Peffers (1995) and Scott et al. (2017) which show that the effect of technological innovation on profitability is higher on small firms than on larger firms because the former can adapt faster to it compared to 16 larger ones that may be sluggish to respond due to their stable market position and legacy systems which require substantial changes. We do not find, however, any significant link between bank stability (Z-score) and mobile money adoption for small banks. These results may suggest that compared to large banks, the relative risks from financial technology adoption can be considerably higher for smaller banks due to their limited resources and lack of knowledge about technology management (Scott et al., 2017) . , Return on equity (ROE), Cost to income ratio (COST/INCOME), and the sum of return on assets and equity ratio divided by the standard deviation of return on assets (Z-SCORE). MM, involvement in mobile money, stands alternatively for Bank-MNO partnership that equals 1 if yes, 0 otherwise, and the number of years of Bank-MNO partnership since inception. SMALL is a dummy variable that takes the value 1 if the bank total assets are less than the median, and 0 otherwise. Robust standard errors are in brackets Controls included: SIZE is the logarithm of total asset; LLP is the ratio of loan loss provision over total assets; TL_TA is the ratio of total loans to total assets; ASSETS Growth is the growth rate of total assets; NII is the share of non-interest income over total operating income; OBS is the ratio of off-balance sheet over total assets; GDP Growth is the annual growth rate of gross domestic product; INFL is the annual growth rate of consumer price index. ***Significant at the 1% level, **Significant at the 5% level, *Significant at the 10% level.
Robustness checks
In this section, we consider several sensitivity tests to check the strength of our findings.
First, we consider alternative measures of bank performance as dependent variables. For profitability, we consider return on assets divided by its three-year rolling-window standard deviation (RAROA) and net interest margin ratio (NIM). As regards to efficiency, we use noninterest expenses to average assets ratio (NIEAA) and non-operating items and taxes to average assets ratio (NOITAA). Finally, our measure of bank stability, z-score, is modified using threeyear and five-year rolling-window standard deviations (respectively Z-SCORE (3y) and Z-SCORE (5y)) (Beccalli, 2007; Bitar et al., 2018; Saghi-Zedek, 2016) . Tables A.1A and A.1B report the results for our all our six alternative dependent variables. We find results consistent with our main findings indicating that the coefficients associated with bank involvement in mobile money proxied by the categorical variables are significant, except a slight drop in significance for our efficiency variables (Table A.1B). Our findings obtained taking into account bank size and bank specialization are confirmed as well. Specifically, consistent with our main findings, we notice that for small banks the length of involvement in mobile money does not matter: irrespective of the length, being involved in mobile money is associated with an improvement in bank performance.
The only difference is that bank stability (proxied by Z-SCORE (3y) and Z-SCORE (5y)) are now positively and significantly affected. Second, we perform an instrumental variable analysis by following Demirgüç-Kunt and Huizinga (2010) and Liang et al. (2013) . Thus, we re-estimate our equations (1 and 2) where the lagged bank involvement in mobile money MMi,t-1, replaces the current year values MMi,t. The results in Table A .2 show that all our earlier conclusions are unaltered. Moreover, we also consider country-level measures of mobile money adoption as alternatives to our main variable of interest suspected to be endogenous. In fact, effective benefit stemming from banks' involvement in mobile money provision requires individual access and usage of mobile money services. Hence, we use the number of mobile money accounts (MMU) and the value of mobile money transactions (MMT). The concern of potential reverse causality might no longer be the case as we consider the effect of country-level variables on bank-level measures of bank performance. The results show that both the number of accounts and the value of transactions of mobile money are, as might be expected, positively and negatively related to bank profitability and efficiency respectively (Table A.3A). These findings hold for large banks and commercial banks but not for small banks (Table A.3B ). Third, we extend our analysis to all 19 financial institutions operating in the EAC (Table A. 4) . Overall, we find results consistent with our previous findings. The only notable difference is that the coefficients associated with bank involvement measured as a dummy variable are now positive and significantly associated with bank profitability and stability. Given that microfinance institutions are comparatively smaller, this result amplifies our earlier findings on small banks showing that bank involvement in mobile money positively affects its performance irrespective of the time elapsed since mobile money adoption.
Why banks' involvement in mobile money may improve their performance?
Discussion of potential mechanisms
In this section, we discuss potential mechanisms to figure out different channels through which banks' involvement in mobile money may improve their performance. Traditionally, banks provide cash-in/cash-out services via ATMs and bank branches. However, these solutions are too expensive to set up and operate in markets that have low-income or low-density populations.
Therefore, we exploit the idea that bank-MNO partnership in mobile money provision may enable banks to leverage mobile money agent networks to reach those areas with limited population size or economic activity. Clearly, we investigate whether the improvement in bank performance found in our study is the result of enhanced income diversification and broadened access to financial services stemming from the cooperation between banks and mobile network operators in mobile money provision. Accordingly, the positive relationship shown between banks' involvement in mobile money and their performance is expected to be more pronounced for banks with low retail deposit funding or low income diversification. As a measure of deposit funding indicator, we use the short-term deposit funding. We compute two dummy variables, the first, HIGH deposit funding, indicates banks that have business model focusing more on deposit funding from customers with a deposit funding indicator that is higher than the sample mean. The second, LOW deposit funding share, reports banks that focus less on customer deposits funding and equals to one minus HIGH deposit funding. Consistent with Ahamed and Mallick (2019), we use our specification of equation
(2) and include two interaction terms MM x HIGH and MM x LOW, where for MM we use both the dummy and categorical variables of bank involvement in Bank-MNO partnership (equation 3).
Note that in equation (3) the interaction terms replace our variable MM. The intuition is to capture both effects of bank involvement in mobile money (the two measures) on their performance in 20 high-deposit-funding on the one hand as opposed to low-deposit-funding banks on the other hand.
Moreover, we also consider the level of bank diversification through the non-interest income and follow the same approach as presented above. We create two dummy variables, the first, HIGH diversified that takes the value one if the bank non-interest income is higher than the sample mean, and zero otherwise. The second, LOW diversified indicates that the bank non-interest income is lower than the sample mean and equals to one minus HIGH diversified.
The results on banks with HIGH/LOW deposit funding are reported in Table 4A and 4B.
We find that only the coefficients associated with LOW deposit funding are significant when MM is proxied by the dummy variable, and that the coefficients of the two interaction terms are different. Implying that mobile money improves profitability and efficiency of banks with low deposit funding. However, when considering the number of years of involvement in Bank-MNO partnership the results show a significant association between the coefficients of the two interaction terms and our measure of bank profitability, efficiency and stability, and that the coefficients of the two interaction terms are similar. Hence, number of years of Bank-MNO partnership since inception improves the performance of banks with HIGH or LOW deposit funding. Our findings suggest that deposit funding appear as a mechanism through which banks' involvement in mobile money affect their performance.
Taking our second possible channel, the level of bank diversificationnon interest income the results show that the coefficients associated with our two interaction terms HIGH/LOW diversified are all significant when considering the number of years of Bank-MNO partnership since inception. Moreover, the Wald test ( 1 = 2 ) show that the coefficients of the interaction terms are similar. Thus, our results suggest that the level of diversification is a possible channel through which the number of years of banks are involved in the partnership improves their performance. , Return on equity (ROE), Cost to income ratio (COST/INCOME), and the sum of return on assets and equity ratio divided by the standard deviation of return on assets (Z-SCORE). MM, involvement in mobile money, stands alternatively for Bank-MNO partnership that equals 1 if yes, 0 otherwise, and the number of years of Bank-MNO partnership since inception. Robust standard errors are in brackets Controls included: HIGH is a dummy variable that takes the value 1 if banks has a deposit funding indicator that is higher than the sample mean, and 0 otherwise; SIZE is the logarithm of total asset; LLP is the ratio of loan loss provision over total assets; TL_TA is the ratio of total loans to total assets; ASSETS Growth is the growth rate of total assets; NII is the share of non-interest income over total operating income; OBS is the ratio of off-balance sheet over total assets; GDP Growth is the annual growth rate of gross domestic product; INFL is the annual growth rate of consumer price index. ***Significant at the 1% level, **Significant at the 5% level, *Significant at the 10% level. , Return on equity (ROE), Cost to income ratio (COST/INCOME), and the sum of return on assets and equity ratio divided by the standard deviation of return on assets (Z-SCORE). MM, involvement in mobile money, stands alternatively for Bank-MNO partnership that equals 1 if yes, 0 otherwise, and the number of years of Bank-MNO partnership since inception. Robust standard errors are in brackets Controls included: HIGH is a dummy variable that takes the value 1 if banks has a non-interest income indicator that is higher than the sample mean, and 0 otherwise; SIZE is the logarithm of total asset; LLP is the ratio of loan loss provision over total assets; TL_TA is the ratio of total loans to total assets; ASSETS Growth is the growth rate of total assets; NII is the share of non-interest income over total operating income; OBS is the ratio of off-balance sheet over total assets; GDP Growth is the annual growth rate of gross domestic product; INFL is the annual growth rate of consumer price index. ***Significant at the 1% level, **Significant at the 5% level, *Significant at the 10% level.
Conclusion
In this study, our main objective is to analyse the possible effect of mobile money adoption by banks on their performance using a sample of 170 financial institutions from the five partner states of the East African Community (EAC), a worldwide leading region in mobile money adoption and usage. This financial technology virtually accessible to anyone with a mobile phone holds the promise to "leapfrog" the provision of banking services in developing countries thanks to the comparatively high penetration of mobile phones in contrast to the low density of banking infrastructure. It allows banks to leverage innovative and less costly business models to serve unbanked or underbanked people by overcoming existing market inefficiencies and reducing the prohibitive cost of maintaining physical bank branches in rural locations. There is a paucity of literature examining the impact of mobile money on firms and, to the best of our knowledge, there is no empirical evidence about whether mobile money hinders or promotes bank performance. Our paper aims at filling this gap by using a hand collected data sample obtained by screening financial institutions' websites and GSMA tracker to identify those that are involved in mobile money schemes. We supplement our data with bank specific data from Bankscope, macroeconomic data from World Development Indicators, and the number of mobile money users and the value of mobile money transactions from the Financial Access Survey (IMF).
Our main findings indicate that the number of years of Bank-MNO partnership since inception is strongly related to bank performance (profitability, efficiency or stability) while there are no significant effects when the bank's status of involvement at a point in time is considered.
Restricting our sample to commercial banks yields similar results although there is a drop-in significance when looking at bank profitability. Moreover, we split our sample into small and large banks and find that results on large banks perfectly mimic those on the banking sector. For small banks, the results show that being involved in mobile money is strongly associated with both their profitability and efficiency irrespective of their degree of involvement in a partnership with an MNO, but no significant association with stability. In further investigations, we check the consistency of our results using six alternative measures of our dependent variables, considering one-year lagged variable and country-level measures of mobile money adoption as alternatives of our independent variable of interest (MM). We also extend our analysis to all financial institutions operating in the EAC. Overall, we find that our main conclusions are unaltered. Exploring channels through which mobile money affects bank performance, our findings suggest that improved access to retail deposits and income diversification are possible candidates.
Our study has important policy implications and contributes to the debate of the capacity of mobile money system to galvanize the banking sector by enhancing stability and promoting financial inclusion. The findings provide novel insights concerning the convenience of mobile money development for the banking sector. More specifically, our results contribute to the debate about the benefit of mobile money innovation on bank performance. Nevertheless, while our paper points to efficiency, profitability and stability gains that accrue to mobile money adopters (the bright side), it is critical to bear in mind potential vulnerabilities (dark side) that could result in intensified competition once this innovation matures. For instance, issues of late repayment and default or debt cycling and over-indebtedness have started to emerge following the rapid expansion of digital loans. Moreover, evidence from the developed world shows how new technologies often bring new risks. The case of securitization that went from being a well-acclaimed financial innovation to becoming one of the root causes of the Global Financial Crisis of 2008 is a vivid illustration. Given the perennial concern that regulation always lags behind innovation, it is of high importance that future research considers such potential risks. Bank-MNO partnership (1 if yes, 0 on assets divided by its three-year rolling-window standard deviation. (RAROA), Net interest margin ratio (NIM), Non-interest expenses to average assets ratio (NIEAA), Non-operating items and taxes to average assets ratio (NOITAA), Sum of average return on assets and equity ratio divided by the three-year rolling-window standard deviation of return on assets (Z-SCORE-3y), Sum of average return on assets and equity ratio divided by the five-year rolling-window standard deviation of return on assets (Z-SCORE-5y). MM, involvement in mobile money, stands alternatively for Bank-MNO partnership that equals 1 if yes, 0 otherwise, and the number of years of Bank-MNO partnership since inception. Robust standard errors are in brackets Controls included: SIZE is the logarithm of total asset; LLP is the ratio of loan loss provision over total assets; TL_TA is the ratio of total loans to total assets; ASSETS Growth is the growth rate of total assets; NII is the share of non-interest income over total operating income; OBS is the ratio of off-balance sheet over total assets; GDP Growth is the annual growth rate of gross domestic product; INFL is the annual growth rate of consumer price index. ***Significant at the 1% level, **Significant at the 5% level, *Significant at the 10% level. , Net interest margin ratio (NIM), Non-interest expenses to average assets ratio (NIEAA), Non-operating items and taxes to average assets ratio (NOITAA), Sum of average return on assets and equity ratio divided by the three-year rolling-window standard deviation of return on assets (Z-SCORE-3y), Sum of average return on assets and equity ratio divided by the five-year rolling-window standard deviation of return on assets (Z-SCORE-5y). MM, involvement in mobile money, stands alternatively for Bank-MNO partnership that equals 1 if yes, 0 otherwise, and the number of years of Bank-MNO partnership since inception. SMALL is a dummy variable that takes the value 1 if the bank total assets are less than the median, and 0 otherwise Robust standard errors are in brackets Controls included: SIZE is the logarithm of total asset; LLP is the ratio of loan loss provision over total assets; TL_TA is the ratio of total loans to total assets; ASSETS Growth is the growth rate of total assets; NII is the share of non-interest income over total operating income; OBS is the ratio of off-balance sheet over total assets; GDP Growth is the annual growth rate of gross domestic product; INFL is the annual growth rate of consumer price index. ***Significant at the 1% level, **Significant at the 5% level, *Significant at the 10% level. , return on equity (ROE), Cost to income ratio (COST/INCOME), and the sum of return on assets and equity ratio divided by the standard deviation of return on assets (Z-SCORE). MM (t-1), is the lag 1 year of mobile money, that stands for the number of years of Bank-MNO partnership since inception. SMALL is a dummy variable that takes the value 1 if the bank total assets are less than the median, and 0 otherwise. Robust standard errors are in brackets Controls included: SIZE is the logarithm of total asset; LLP is the ratio of loan loss provision over total assets; TL_TA is the ratio of total loans to total assets; ASSETS Growth is the growth rate of total assets; NII is the share of non-interest income over total operating income; OBS is the ratio of offbalance sheet over total assets; GDP Growth is the annual growth rate of gross domestic product; INFL is the annual growth rate of consumer price index. ***Significant at the 1% level, **Significant at the 5% level, *Significant at the 10% level. , return on equity (ROE), Cost to income ratio (COST/INCOME), and the sum of return on assets and equity ratio divided by the standard deviation of return on assets (Z-SCORE). MM, mobile money, that stands alternatively for the number of accounts with a resident Mobile Money System Payment that is primarily accessed by a mobile phone and is useable or has been used for mobile money transactions (MMU), and the total amount of all mobile money transactions carried out (MMT). Robust standard errors are in brackets. Controls included: SIZE is the logarithm of total asset; LLP is the ratio of loan loss provision over total assets; TL_TA is the ratio of total loans to total assets; ASSETS Growth is the growth rate of total assets; NII is the share of non-interest income over total operating income; OBS is the ratio of off-balance sheet over total assets; GDP Growth is the annual growth rate of gross domestic product; INFL is the annual growth rate of consumer price index. ***Significant at the 1% level, **Significant at the 5% level, *Significant at the 10% level. , return on equity (ROE), Cost to income ratio (COST/INCOME), and the sum of return on assets and equity ratio divided by the standard deviation of return on assets (Z-SCORE). MM, mobile money, that stands alternatively for the number of accounts with a resident Mobile Money System Payment that is primarily accessed by a mobile phone and is useable or has been used for mobile money transactions (MMU), and the total amount of all mobile money transactions carried out (MMT). SMALL is a dummy variable that takes the value 1 if the bank total assets are less than the median, and 0 otherwise. Robust standard errors are in brackets. Controls included: SIZE is the logarithm of total asset; LLP is the ratio of loan loss provision over total assets; TL_TA is the ratio of total loans to total assets; ASSETS Growth is the growth rate of total assets; NII is the share of non-interest income over total operating income; OBS is the ratio of off-balance sheet over total assets; GDP Growth is the annual growth rate of gross domestic product; INFL is the annual growth rate of consumer price index. ***Significant at the 1% level, **Significant at the 5% level, *Significant at the 10% level. , Return on equity (ROE), Cost to income ratio (COST/INCOME), and the sum of return on assets and equity ratio divided by the standard deviation of return on assets (Z-SCORE). MM, involvement in mobile money, stands alternatively for Bank-MNO partnership that equals 1 if yes, 0 otherwise, and the number of years of Bank-MNO partnership since inception. SMALL is a dummy variable that takes the value 1 if the bank total assets are less than the median, and 0 otherwise. Robust standard errors are in brackets. Controls included: SIZE is the logarithm of total asset; LLP is the ratio of loan loss provision over total assets; TL_TA is the ratio of total loans to total assets; ASSETS Growth is the growth rate of total assets; NII is the share of noninterest income over total operating income; OBS is the ratio of off-balance sheet over total assets; GDP Growth is the annual growth rate of gross domestic product; INFL is the annual growth rate of consumer price index. ***Significant at the 1% level, **Significant at the 5% level, *Significant at the 10% level. Note: In the Table, Return on assets (ROA), Return on equity (ROE), Cost to income ratio (COST/INCOME), and the sum of return on assets and equity ratio divided by the standard deviation of return on assets (Z-SCORE). MM, involvement in mobile money, stands alternatively for Bank-MNO partnership that equals 1 if yes, 0 otherwise, and the number of years of Bank-MNO partnership since inception. MMU, stands for the number of accounts with a resident Mobile Money System Payment that is primarily accessed by a mobile phone and is useable or has been used for mobile money transactions, and MMT the total amount of all mobile money transactions carried out. SMALL is a dummy variable that takes the value 1 if the bank total assets are less than the median, and 0 otherwise. Robust standard errors are in brackets. Controls included: SIZE is the logarithm of total asset; LLP is the ratio of loan loss provision over total assets; TL_TA is the ratio of total loans to total assets; ASSETS Growth is the growth rate of total assets; NII is the share of non-interest income over total operating income; OBS is the ratio of off-balance sheet over total assets; GDP Growth is the annual growth rate of gross domestic product; INFL is the annual growth rate of consumer price index.
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